as well as acute stress (left adrenafectomy) was applied to rats whose hippocampus had been damaged through the neocortex (hippocampusdamaged), to rats in which only the portion of the neocortex over the hippocampus had been damaged (neocortexdamaged), and to control rats. Both in the acute and chronic stress series, the left adrenal ascorbic acid content before stress was compared with that of the right adrenal gland following stress, and the difference served as a measure of reaction to the stress. Under acute stress, 72 rats showed a decrease in adrenal ascorbic acid content more pronounced in hippocampusdamaged rats and control animals than in the neocortex-damaged animals. Under chronic stress, increase in adrenal ascorbic acid content in 68 rats was least pronounced in hippocampusdamaged rats, most marked in neocortexdamaged animals, while the value was intermediate in control I T IS GENERALLY RECOGNIZED that the hypothalamus plays an important role in the integration of reactions to stressful stimuli (I, 2). In the course of search for the function of the hippocampus, the authors were interested in probing the possible influence of the hippocampus on the stress mechanism, in view of the fact that the hippocampus sends a massive fiber bundle fornix to the hypothalamus and in consideration of the Papez theory of emotion (3), subsequently elaborated by MacLean (4). This study deals with chronic as well as acute stress.
MATERIALS AND METHODS
Seventy-two male albino rats, with body weight ranging from 250 to 400 g, were used in the acute stress series. The animals were divided into three groups of equal number and subjected to hippocampal damage, neocortical damage, or kept intact as normal controls.
The operative procedures performed under subcutaneous Nembutal were as follows. After removing most of the parietal bone on both sides, except the part along the sagittal sinus, an oval-shaped portion of neocortex on the dorsal surface of the brain overlying the hippocampus was sucked out. An attempt was then made to remove by suction as much of the hippocampus as possible. Special care was taken to remove the dorsa'l portion of the hippocampus and to interrupt the fimbria and hippocampal commissure without damaging the overlying midline cortical tissues. This preparation served as the hippocampus-damaged rat. A second group of rats was prepared, with damage limited to the portion of neocortex over the hippocampus. This was the neocortex-damaged rat (Fig. I ). Stressful stimulus was applied not less than 3 weeks after the brain damage. About 8~00 AM the abdominal cavity of the animal was opened under ether and the left adrenal gland was excised. Usually this procedure required no more than 3 min, and was regarded as the acute stress. The abdominal cavity was then closed with a few stitches and the rat was kept in a quiet place for I, 3, or g hr before the animal was sacrificed by quick decapitation after which the right adrenal gland was removed.
Twenty-four animals in each of the hippocampus-damaged, neocortex-damaged, and normal control groups were divided into three subgroups of eight rats, according to the time interval elapsed between the left and right adrenalectomy.
In the chronic stress series, 68 male albino rats, weighing between 280-400 g were used. They also were divided into three groups and subjected to hippocampal damage, neocortical damage, or kept intact as normal controls. More than 3 weeks after the brain damage, all rats were subjected to left adrenalectomy under Nembutal around 8:oo AM, and this procedure was regarded as the beginning of chronic stress. Chronic stressful stimuli were continued by inflicting skin incisions of 5 cm in length. Under ether anesthesia, four successive skin incisions were made; the first one on the right flank, the second on the left back, the third on the and the last over the vertebra.
The wound right back, was Imme- diately closed with several cotton sutures and 60,000 units of procaine penicillin G was given intramuscularly. Each of the three groups of rats was divided into three subgroups, according to the stress procedures. These three subgroups were treated differently only in respect to the time of inflicting the stress and of sacrificing. One subgroup received daily skin incisions beginning on the day following left adrenalectomy; another received incisions on alternate days beginning on the 2nd day following adrenalectomy.
The third subgroup received incisions on alternate days like the second subgroup but animals were sacrificed at 72 hr after the final incision instead of at 48 hr as in the first and second subgroups. Six, ten, or eleven days after the beginning of chronic stress the rats were sacrificed by rapid decapitation and the right adrenals were removed.
The ascorbic acid content of left and right adrenal glands was measured separately and the difference in the amount (mg/r oo-g sample) was regarded as an index of reaction to the stressful stimuli. Each adrenal gland was weighed wet, ground with sand in 5% metaphosphoric acid solution, and the ascorbic acid content of the extract was measured calorimetrically with the Evelyn photoelectric calorimeter utilizing the reduction of 2,6-dichlorophenol-indophenol sodium. Upon completion of the experiment, the brains of rats were fixed in IO % formaldehyde and embedded in celloidin.
Coronal sections were cut at 30-p thickness, and every tenth section was stained in cresyl violet. Microscopic examination of the brains of the hippocampusdamaged animals showed that practically all of the dorsal portion of the hippocampus between the midline cortical tissue and the thalamus extending from the level of the anterior commissure, or slightly behind it, to the level of the posterior commissure had been successfully removed; while much of the posteroventral portion of the same structure caudal to the posterior commissure remained intact. The hippocampal commissure at the level of, or slightly behind, the anterior commissure was severely damaged in all cases. Except that rarely a unilateral slender band of the fimbria in the groove between the thalamus and caudate nucleus above the stria terminalis escaped from suction, the precommissural fornix fibers were completely interrupted.
Other fiber tracts including the stria medullaris and stria terminalis, on the other hand, remained intact. The cortical damage usually extended from the level of anterior commissure, or slightly in front of it, to that of the caudal end of the superior colliculus, but there were a few instances where the damage reached the posterior margin of the occipital cortex. On the whole, no gross disparity between neocortex-damaged and hippocampus-damaged brains was found in the extent of neocortical damage.
RESULTS
The results of acute stress are summarized in Table I . The decrease in adrenal ascorbic acid content was most marked in the normal control group and least in the neocortex-damaged group regardless of the elapsed time after onset of the stressful stimulus. In the hippocampusdamaged rats the decrease in ascorbic acid was intermediate but almost to the same levels as found in the normal control group. The depletion in adrenal ascorbic acid became progressively marked in the course of a ghr observation.
Analysis of variance of the data showed that the differences among the three major groups, i.e., hippocampusdamaged, neocortex-damaged, and normal control group (F = 5.58) and among the subgroups according to time interval after acute stress (F = 26.65) were significant at I % level, while their interaction was without significance.
The differences in ascorbic acid decrease among the three major groups and among the subgroups were further analyzed by the t test. Difference between the normal control and hippocampus-damaged groups was not significant (t = 0.52, d.f. = 47). But the difference between the normal control and neocortexdamaged groups was significant at 5 % level (t = 2.54, d.f, = 47), while the difference between neocortexdamaged and hippocampus-damaged groups was significant at 5% level for the one tailed test (t = I .gg, d.f. = 47). The differences among the three subgroups were all highly significant.
Under chronic stress, the adrenal ascorbic acid content generally increased.
The increase was most marked in neocortex-damaged and least in hippocampus-damaged rats, while in the control animals the value was intermediate but almost the same as that of neocortexdamaged rats. In addition, the increase was somewhat more marked when the stress was applied every other day than when it was applied every day, and much more pronounced when the right adrenal ascorbic acid content was measured 72 hr after the last stress than when it was measured 48 hr after. These results are summarized in Table  2 . For reference, the right adrenal ascorbic acid content of nine rats, in which neither brain resection nor repeated skin incisions were made previously, was Analysis of variance of the results showed that the differences among the three major groups were significant at 5 % level (F = 4.67), the differences among the subgroups, according to stress procedure, were significant at I % level (F = I 2.53), while their interaction was without significance.
The differences in adrenal ascorbic acid increase among the three major groups and among the subgroups were further analyzed by the t test. According to this analysis, the difference was not significant between rats stressed every day and stressed every other day (t = I .6 I, d.f. = 47), but the difference was significant between rats sacrificed at 48 hr and 72 hr after the last stress (t = 3.05, d.f. = 43). The difference between normal control and neocortex-damaged groups (t = 0.78, df . = 44) and between normal control and hippocampus-damaged groups (t = I .78, d.f. = 44) was not significant, but the diffgrence between neocortexand hippocampus-damaged groups was significant at 5 % level (t = 2.59, d.f. = 45) Thus the difference between hippocampus-damaged and neocortex-damaged groups was more marked under chronic stress, compared with the situation under acute stress, where the difference between the two brain damages was less pronounced.
Usually the adrenal weight increased following chronic stress, but no significant differences in weight increment could be ascertained among the three major groups, except that among the subgroups the least increase in adrenal weight was found in the group where the stress was applied every other day and the right adrenalectomy was carried out at 72 hr following the last stress.
DISCUSSION
The neocortical and hippocampal resections in the present study were partial and the stressful stimuli were inflicted after the acute effects of brain surgery had subsided. The results should be interpreted accordingly. In the acute experiment, animals with neocortical damage responded less to the stress than the normal controls. It is interesting to find, on the other hand, that the reaction to acute stress, by rats in which the hippocampus as well as the overlying neocortex has been damaged, approached the level seen in the normal rat. Long (5) has reported that the adrenal ascorbic acid content increased under chronic stress in Selye's stage of resistance (6) . While the general tendency was confirmed in this study, the present result also indicated that the increase in adrenal ascorbic acid content was most marked in neocortex-damaged rats and least in rats with hippocampus damaged through neocortex, and was more pronounced when the right adrenal ascorbic acid content was measured 72 hr after the last stress than when it was measured earlier.
It is difficult to say whether the effect of neocortical damage is chiefly the result of destruction of mutual influences between neocortex and hippocampus, between neocortex and other structures directly concerned with stress mechanism, or both. However, from the results of the acute, and especially from those of the chronic experiment in the present study, it may be inferred that the damaged portion of neocortex normally exercises facilitating influence and that the hippocampus is exerting a sustained inhibitory influence upon the pituitary-adrenocortical mechanism.
The mode of action of the hippocampus in stress situation resembles a rebound or delayed reaction, being most pronounced late following application of chronic stress. Thus the hippocampus appears to act as a brake to the pituitary-adreno-cortical system, protecting it from prolonged excessive activity and facilitating reparative processes in the same system.
Recently, Mason (7) reported the effect of hippocampal stimulation in monkeys. Although he found "either no change or a slight rise in plasma I 7-OH-CS levels during the go-min period of hippocampal stimulation, samples drawn 24-48 hr later showed marked depression of levels to a range between o and 6 pg/roo cc of plasma, which is well below the lower limit of the normal distribution curve for monkeys." While it is hard to compare his results directly with those of the present study, both seem to indicate similar direction as to the part played by the hippocampus in the integration of reactions to stressful stimuli.
The present experiments do not indicate whether the hippocampal efferents contain only inhibitory fibers for the stress mechanism, whereon the efferent system acts, and how the stressful stimuli reach the hippocampus.
In connection with the location of neural mechanism of stress, however, Newman et al. (8), and Slusher and Critchlow (9) showed that lesions extending
